ABSTRACT. Fourteen polymorphic microsatellites with perfect di-, tri-, and tetra-nucleotide repeats were identified for Panulirus homarus using Roche 454 whole-genome sequencing method. Microsatellites were efficiently co-amplified in four multiplexes and a singleplex, providing consistent and easily interpretable genotypes. The number of alleles per locus ranged from 2 to 11 with the observed and expected heterozygosity ranging between 0.000-0.532 and 0.031-0.836, respectively. A significant deviation from Hardy-Weinberg equilibrium was observed for majority of the loci, probably due to homozygote excess. Genetic linkage disequilibrium analysis between all the possible pairs of the loci showed significant departure from the null hypothesis in the loci pairs Pho-G11-Pho-G33 and Pho-G33-Pho-G57. High success in primer cross-species amplification of these microsatellite markers indicates their utility for genetic studies of different Panulirus species.
INTRODUCTION
Spiny lobsters are harvested from the wild in over 90 countries, with an annual catch of 80,000 tons for the year 2010 (FAO, 2012 ) and a continuous rise in its market price. There are major concerns about the future of spiny lobster fisheries owing to a constant decline in the catch (Rogers et al., 2010; FAO, 2012; Goddard et al., 2015) , emphasizing the need for serious efforts towards sustainable fishery management and regulation of the species. Based on morphological characters, 20 different Spiny lobster species (genus Panulirus) have been described, five from the Atlantic and 15 from the Indo-Pacific region (Holthuis, 1991) . The tropical scalloped spiny lobster, Panulirus homarus, is found throughout the Indo-Pacific region with centres of high concentrations in East Africa and Indonesia (Berry, 1974; Pollock, 1993) and contains three sub-species: P.h. homarus (Linnaeus, 1758) , P.h. megasculptus (Pesta, 1915) , and P.h. rubellus (Berry, 1974) . Thus far, very little is understood about the genetic population structure and dynamics of the tropical scalloped spiny lobsters. Hence, genetic studies are required to obtain data on the resilience and sustainability of the exploitation of P. homarus, as well as for generating tools for rational conservation management plans for various P. homarus species. Genetic markers, such as microsatellites, have been successfully applied for the stock identification and fishery management of several marine species Milano et al., 2011; Cuveliers et al., 2012; Corander et al., 2013) . However, for the population genetic studies of scalloped spiny lobster mainly sequencing of the control region in the mtDNA has been applied (Gopal et al., 2006; Groeneveld et al., 2007; Reddy et al., 2014) . To date, only a few microsatellites markers are known in the tropical scalloped spiny lobster species (Dao et al., 2013) . The development of more polymorphic microsatellite markers is significantly important for genetic population studies of the species. Here, we report the development and characterization of 14 novel microsatellite markers for use in the future studies on genetic diversity and population genetic structure of the tropical scalloped lobster P. homarus.
MATERIAL AND METHODS
We previously developed 30 polymorphic microsatellite markers for P. ornatus, based on the cost effective and rapid Roche 454 whole-genome sequencing method and demonstrated the potential of primers for cross-species amplification in closely related species (Dao et al., 2013) . Considering the close taxonomic relationship between P. ornatus and P. homarus, the same sequence database was mined for perfect di-, tri-, and tetra-nucleotide microsatellite repeats using iQDD (Meglécz et al., 2010) and MSAT commander version 0.8.2 (Faircloth, 2008) , with incorporated Primer3 software for polymerase chain reaction (PCR) primer design (parameters: product length 150-400 bps; annealing temp 50°-63°C; GC content 20-80%). From this data mining, 370 independent sequence regions with microsatellite repeats and their possible primers were identified. Potential loci along with the primers were subsequently filtered based on the distance of primers from the beginning and end of a sequence (>10 bps), distance between primers and repeat motif (>10 bps), and the PCR product length (75-400 bps). For quality check, 50 perfect di-, tri-, and tetra-nucleotide microsatellite repeats were chosen for PCR validation in P. homarus. Genomic DNA from 96 unrelated individuals, originating from randomly selected pueruli from a single sampling site in Vietnam, were extracted by cetyltrimethylammonium bromide (CTAB) extraction method (Sambrook and Russell, 2001 ). Initially, 16 DNA samples were used to check the success of cross-species amplification of the primers. The amplifications were carried out individually in 15 µL reaction volumes, containing 10-50 ng genomic DNA, 9 µL True Allele premix (Applied Biosystems (AB), Foster City, USA), 1 mM MgCl 2 , 0.4 µM each unlabeled forward and reverse primer (Metabion; Martinsried, Germany) in a Veriti Thermal Cycler (AB). Thermal cycling conditions employed were 15 min at 95°C, followed by 32 amplification cycles at 94°C for 30 s, 56°C for 90 s, and 72°C for 60 s, and then a final extension at 72°C for 30 min. Fourteen polymorphic microsatellites were reliably amplified across the 16 individuals examined when evaluated using 2% high resolution agarose gel. For fluorescent detection and multiplexing of the scored loci, the forward primers were labeled with dyes PET, NED, VIC, or 6-FAM (AB; Table 1 ). A PIG-tail sequence 5'-GTTTCTT-3' (Brownstein et al., 1996) was included towards the 5'-side in the reverse primers. Genomic DNA from 96 unrelated P. homarus individuals were amplified in four multiplexes and a singleplex (Table 1 ) and screened on a 3130 capillary sequencer (AB) to evaluate the efficiency of amplification and polymorphism of the markers. A = number of observed alleles; GD = gene diversity; H O = observed heterozygosity; H E = expected heterozygosity. *Significant F IS (P < 0.001; following sequential Bonferroni corrections). Microsatellite sequences are available on GenBank (accession Nos. KT203272 to KT203285). **Fluorescent dye labelled primer; F = forward; R = reverse. The amplification was carried out in a 15-µL reaction volume containing 10-50 ng template, 9 µL True Allele premix, and 1 mM MgCl 2, and the primer concentrations were adjusted to yield a consistent and relatively uniform fluorescence among the loci (Table 1 shows primer concentrations at each locus). Thermal cycling conditions were: 12 min at 95°C, followed by 32 amplification cycles at 95°C for 20 s, 58°C for 20 s, and 72°C for 30 s and a final extension at 72°C for 30 s. Genotyping was performed using a 3130 Genetic Analyser (AB). Data were collected automatically and sized with GeneMapper software (AB) using a GeneScan-500-LIZ size standard (AB).
RESULTS AND DISCUSSION
Of the 370 independent sequence regions containing microsatellites with perfect di-, tri-, and tetra nucleotide repeats, 50 were selected and their efficiency of amplification and polymorphism with genomic DNA from 16 unrelated P. homarus individuals was tested. On the basis of the success of amplification, pick quality, and polymorphism, 14 codominant microsatellites were selected and successfully genotyped in four multiplexes and a singleplex using a panel of 96 DNA samples. The characteristics of the 14 microsatellite loci are shown in Table 1 . Statistical calculations were performed using the program Fstat (Goudet, 1995) . The number of alleles per locus (A), observed heterozygosity (H O ), expected heterozygosity (H E ), gene diversity (GD), and inbreeding coefficient (F IS ) were calculated. The number of alleles varied from 2 to 11 per locus and the observed and expected heterozygosity ranged between 0.000-0.532 and 0.031-0.836, respectively (Table 1) . The loci were further tested for conformance to both Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium. A significant deviation from HWE was observed for majority of the loci, with only Pho-G19 conforming to the HWE. This observation was most probably due to the small sample size, genetic drift, and the presence of null alleles. Among the 91 pairwise exact tests performed, genotypic equilibrium between the loci were rejected for two tests (Pho-G11-Pho-G33 and Pho-G33-Pho-G57) after sequential Bonferroni correction. Success of the cross species primer design amplification strategy indicates that the 14 microsatellite markers characterized in this study would be useful tools for future research in population genetics, reproductive ecology, and for constructing linkage maps for the two different Panulirus species studied here as well as for other related species.
